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More than any othoc aspect ef tho natural environment, 
cl is/, to has shaped the ■-•ay mankind lives on this snail 
planet. Gemtisas modern nun lo inclined to consider 
earth as an unchanging element of geography. Although 
geologists or.d paleontologists told exciting tales about 
lea egos of the distant past, contemporary climates was 
loft to tho statisticians toiling in dusty archives. 

Although & few Individuals had been studying climatic 
change for many decades , a renewed sense of awareness 
emerged in the 1960s. Research revealed fascinating and 
puzzling details about climate variability on all tine 
scales. There had been a Little Zee Age. Would there be 
another one? Interglacial periods such as ours seemed to 
be about 10,000 years long. Was a return of ice just 
around the corner? ICsasuremonts showed that wo were 
changing our atmosphere, and models predicted disturbing 
effects on climates. Was a hothouse earth in our future? 

A scries of climate-rolatcd disturbances afflicted 
countries around the earth. Rote long-term climate 
changes already under way? 

These factors converged to prompt the development of 
organised national nnd international programs to improve 
our understanding of climate and our ability to use that 
knowledge. Internationally, the World Climate Conference 
of 1979 led to development of a World Climate Prograa 
under tho auspices of the World Ilatuorolcgicul Organisa- 
tion and othar international bodies. In our own country, 
a complex series of initiatives led to the enactment of 
the Rational Climate Prograa Act of 1970. This innovative 
“espsrinsnt in public administration," as it was termed 
by Congressman George Dream, called for establishment of 
an interagency Rational Climate Prograa that would be 
guided by periodically updated Five-Year Plans. 
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The first version of this plan was powerfully shaped 
by two major workshops organized by the Climate Research 
Board, a predecessor of the current Board on Atmospheric 
Sciences and Climate, in the summers of 1978 and 1979. 

The resulting plan served well, but no vchiclo as dynamic 
as the National Climate Program can travel indefinitely 
on the static tracks of an aging document. An updated 
plan was urgently needed, and indeed was mandated by the 
legislation. The National Research Council was again 
requested to provide guidance to the National Climate 
Program Office for the development of a new plan. Again 
a workshop was convened at the Study Center of the 
National Academy of Sciences in Woods Hole, Massachusetts, 
on July 15-19, 1985. The participants were charged with 
reviewing the current federal efforts in climate, and 
developing concepts and recommendations that might assist 
the federal agencies and the National Climate Program 
Office in the development of an updated plan for this 
important national endeavor. The meeting wan well- 
attended, the discussions were animated and constructive, 
and the work sessions were intense and fruitful. It was 
clear that the National Climate Program, with cany 
significant achievements already to its credit, faces a 
premising future in robust health. 


Charles L. Hosier, Chairman 
Board on Atmospheric Sciences 
and Cl 1 m to 
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EXECUTIVE SUMMARY 


OVERVIEW 

Since ita pannage in 1978, the National Climate Program 
Act has provided both a focus and an incentive for 
research and improvement of services in climate pre- 
diction end the utilization of our knowledge of climate. 
The National Climate Program (NCP) has begun to 3how 
accomplishments in areas identified by the act: greater 

use and availability of climate data, increased coordina- 
tion of climate research activities, increased emphasis 
on climate prediction, and coordination of U.S. participa- 
tion in international climate activities. The accomplish- 
ments to date provide a base for future uork aimed at 
meeting the goals set by the act. 

Climate and society interact in numerous ana complex 
ways; thus climate and public policy are inextricably 
intertwined. Coordination of the cliiaate-rclated 
activities and interests of the various federal agencies 
involved is fundamental for program s iccess. 

Legislation to amend the National Climate Program Act 
continues to be essential. Amendment to the National 
Climate Program Act that will make explicit the functions 
of the National Climate Program Office (NCPO) and 
strengthen the interagency program coordination have been 
proposed and should be promptly enacted. (See Section 
2 . 1 . 2 ) 

Experience in the NCP over the past five years has 
shown that many users need a continuum of weather and 
climate data. New data storage and processing tech- 
nologies are making possible systems that allow access to 
data more rapidly and more efficiently. A magor goal of 
the NCP should be to provide ready access to weather and 
climate data from observations to archives, and particu- 
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larly those data in neat coal time that ate not now 
readily available. 

The rapidly growing body of research knowledge on 
climate impact assessment methodology should be aggres- 
sively transferred to the planning efforts of federal, 
state, and international agencies. The potential for 
significantly increased skills in nonthly, seasonal, and 
intcrannual climate prediction cay be on the horizon, and 
an understanding of the possible economic and social 
implications of such capabilities is needed. 

Among the specific climate-related problems that the 
program might address, drought undoubtedly has high 
priority. State and regional drought response plans 
should be fostered, and coordinated national research, 
monitoring, impact assessment, and relief programs should 
be developed. Indeed, enhanced efforts to integrate our 
growing understanding of climate variability and impacts 
into national water resource planning and management at 
all levels should be fostered by the program. 

Another problem that remaino to bo addressed is the 
development of management strategies to deal with 
socioeconomic consequences of clinato variation. These 
strategics arc virtually unknown as yet, except as 
concepts, and their development will involve partici- 
pation from several disciplines. 

Climate knows no borders; thus the international 
dimension of climate is inherent and inescapable. The 
World Climate Program (WCP) being carried out through the 
World Meteorological Organization (UMO) continues to 
merit strong support and vigorous participation by the 
United States. Also, the potential of International 
climate-related research and services to support U.S. 
national interests in the world community merits closer 
attention. 


CLIMATE SYSTEM RESEARCH 

The statistical characteristics and tine-dependent 
variations of climate depend on tho behavior of the 
global climate system. The quest for better understanding 
of this system and improved capabilities to predict its 
behavior received a solid head start through the Global 
Atmospheric Research Program (GARP) . Continued research 
is producing significant advances under the aegis of the 
World Climate Research Program (WCRP) . A strategy is now 
being developed for organizing climate research efforts 
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with emphasis on ocean-ataosphere-land interactions, and 
a theoretical baaia Cor clirnte prediction la coargirg. 

Major accomplishments ainso 1978 include tha following i 

1 l 

• improved understanding of tha in tor annual 1 

variability of tha tropical cccian and tha global 1 

atmosphere, through studios of tho El Uifto/tiouthorn , 

Oscillation (HUSO) phenomenon, and development of tho 
international Tropical Ocean and Global Atmosphere (TOGA) 

prograa to address these problems. 

• initial success in ainulation of climatic 
variability on monthly ties scales. 

• progress toward development of long-range 
prediction models by both dynamical and statistical 
methods. 

• development of cathode fez measuring end codeling 
the oca an and its interaction with the atrosphoro. 

• increased undorotanding of past climatic regimes 
and of the accompanying changes in atmospheric 
composition. 

> • Qcauu recants of trends in trace atmospheric 

constituents potentially influencing clissta. 

• research on variability of energy inputs and 
outflows to and free tho climate: oysten, through such 
studies as tha Earth Radiation budget Experiment (SRSE) 
and the International Satellite Cloud Climatology Project 
(ISCCP) . 

* Research over the nest five years, and indeed through 

the remainder of this century, should continue thin 

X Bcaentua, conotructively coordinated through the KCP and 

the ifCRP. Within this broad opectrun of endeavors, a 

1 number of research areas nay be identified that arc 

logical cstensiona of existing programs or that address 
gaps that now exist. These include, not in priority 
order, the following t 

• continued study of atmospheric trace constituents 
and biosphere interaction. 

• tho role of polar processes in elirato variation 
and the response of polar lea naasoa to climate 
variations. 

• the causes and prediction of drought and 
desertification, a concern heightened by the continuing 
African drought. 
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* tha dynaaics of cloud-radiation interactions, 
which are icportant for reducing uncertainty in climate 
forecasting. 

* the global ocean circulation, s topic being 
imaginatively addressed through tha World Ocean 
Circulation Cxper leant (KOCE) . 

* long-range weather prediction through statistical 
and dynamical cathodo, where atconphoric states 
potentially predictable over weeks to seasons cay be 
Identifiable. 

* tropical ocean and global atmosphere interactions, 
where significant potential for prediction of tropical, 
subtropical, and even old-latitude climate anomalies 
exists, and where a well-focuccd research program— 
TOCA— merits continued strong support. 

* palecclleatology, where research has yielded 
promising new techniques and Intriguing new knowledge, 
permitting highly useful interaction with climate 
modeling. 

The effectiveness of climate recearcn will depend upon 
continued cooperative support by the fcdoral agencies 
within the contest of the t:CP, with the Department of 
Energy (BG2) , Uational Science Foundation (rap) , national 
Oceanic and Atmospheric Administration (I'OAA) , and 
tlatic.no 1 Aeronautics and Space Administration (t'ASA) 
playing particularly important roles. Federal efforts 
will be especially needed in ensuring the homogeneity and 
continuity of significant data sets by maintaining 
conventional land, satellite, ocean, and trace species 
observing progress, in particular, the integrity of the 
operational and research satellite programs crust be 
maintained. Moreover, ieprovemsr to are required in the 
area of satellite data management to improve the timely 
availability and direct access while lowering costs. 


CLifrATd IKPACTS 

A start has been made in understanding the ecciotal 
impacts of climate variability and change. The community 
of researchers addressing this area has grown and 
strengthened, and methodology for the study of impacts 
has been greatly advanced and systematised. The 
Environmental Protection Agency (EPA) has undertaken 
initial impact studies of Boa level change and changes in 
water resources in the western United States that are 
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likely to result froa climate change duo to warning of 
the atmosphere. Other efforts such as the Climate 
Impacts Perception and Adjustment Experiment (CLII1PAX) 
demonstrate concrote progress. International ctudies are 
coving ahead within the context of tho World Climate 
Inpacto Progran (KCIP) (under the United Nations 
Environment Progran (UNEP) ) and tho International 
Instituta for Applied Systems Analysis (IIASA). 

Priority themes for study over the next few years have 
been identified as followst 

• study of extremes of clinato variability over the 
range of different tics scales and the changes in extreme 
characteristics that might accompany nan-sada or natural 
climate change. 

• tho influences of climate variations on wator 
resources and their implications for long-range planning. 

• drought, with special emphasis on long-range 
implications for Africa. 

• agricultural management and research, with a view 
to achieving more efficent production management through 
better adaptation to climatic variations in agricultural 
planning and practico. 

• CO 2 and trace gas impacts. 

A number of specific initiatives should be given high 
priority 1 

• A new Climatic Atla s is needed to provide a 
comprehensive updated climatology of the united States, 
and as a related effort to the World Climate Impacts 
Program. The atlas would emphasise climate-society 
interactions and provide practical information needed for 
planning by federal, state, and local agencies and for 
commercial and business uses. The atlas should be 
developed in coordination with the 19J0 census and should 
have tho seme population reference baoe. 

• Studios of the utility of climate nred lotions 
should be undertaken. Significantly enhanced capabilities 
seen on the horizon, societal and economic implications 
nay be great, end present understanding of the impact of 
operational predictions is lacking. 

i • Empirical studies of the impacts of actually 

experienced climatic variations should be expanded beyond 
the current CLIHPAX project) scenarios of likely future 
1 climate changes should be incorporated into long-tern 

water rooourco and environmental planning. 
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In addition, work in nced&d to inprove diaoanination 
o£ impact assessment nothodu, coordination and verifica- 
tion of cliaato icpsct codolo in various sectoral areas, 
studies of the social coats of adjustment to dictate 
variations, and sore realistic projection of CO 2 and 
trace gas trends. 

The UCPO should play on increasingly important 
catalytic and coordinating role in clinato inp&cts 
research. The deecnctrated progress and clear potential 
of the field merits increased support and active par- 
ticipation by a broader range of federal and state 
agencies. Internationally, the tJClP shows increaningly 
positive results and serits continuing support, guidance, 
and involvement. 



CLIMATIC DATA, IHTOKiATICM, AMD SBBVICES 

Climate cervices ere tho ultimata product of the KCP, and 
tho prograa'a early efforts have yielded significant 
improvements important to government, industry, and 
individual citizens. Technological advances in computers 
and cosrsunicaticna have greatly increased the potential 
for improved services, while decisior.-stekorn have corns to 
demand ever core comprehensive and ticsly information. 

Traditionally, "weather* data concerns current 
atmospheric conditions, whilo “climate" data refers to 
statistics of fairly lengthy past tiro poriods. in fact, 
however, it is obvious that weather and cllnate fore a 
continuum. Indeed, there is an emerging and largely 
growing demand for ncar-real-tiii>3 information. Agricul- 
ture end agribusiness decision makers, in particular, are 
major users of near-real-timo information, in addition to 
their traditional use of conventional climate and weather 
information. 1 Puturo directions point to a ceiling of 
tho use of weather and clicate data, and suggest that now 
institutional arrangements be considered by KQAA to 
bettor coordinate weather and climate cervices and to 
achieve the data in a format that is convenient and 
relatively inexpensive to tho user. 


’Lash, P.J., S.T. Sonka, and S.A. Changnon, Jr., Use of 
Climate Information by U.5. Agribusiness. Illinois Mater 
Survey (submitted for publication); and Dale, (cd.) 
(1985). Workshop on Weather and Climate Research Weeds 
for Agriculture in tha nineties. University of Missouri. 
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Since initiation o f tho KCP, icportant advances in 
climate product a and services have boen realized! 

• an intoria climate data inventory haa bean 
devolcpcd. 

• a cosputor-baocd Clloato Anoaaly Monitoring 
Syatea (CTJL3) provides a mechanic*! for monitoring 
anomalies in real tics. 

• tha Monthly Clicate Oiagnoaticn Bulletin has been 
enhanced. 

• global crop conditions are being ccnitorod 
through the Joint Agricultural Weather Facility (JAW?) of 
KOAA and tha Department of Agriculture (OSDA) . 

• a national environmental Data Referral Service 
(HEDRS3) haa been implemented. 

• tho Rational Clicatic Data Center (ECDC) haa been 
strengthened. 

• tuo regional climate centers hove been established 
and are deaonatrating methods for federal-state 
cooperation in climate services and management. 

• a premising demonstration project in automated 
weather monitoring her. been developed and extended to a 
regional drought-acnltoring program. 

Further development of climate Gervices Bight bo 
guided by tha recocmoRdationa of earlior reports of tho 
National Research Council (£SC) , rsany of which have not 
yet boon addressed effectively, Maintenance of an 
adequate surface observing network is particularly 
essential. Tho cooper ntivo climatological observing 
notvorh, the solar and terrestrial radiation net-cork, and 
tho Reference Climatological Station network should be 
strengthened. The goals of tha Inti rgoverncental Climate 
Prograa provisions of tha Rational Climate Program Act 
should be pursued under the leadarcltp of tho ncro by 
involving exi&'-.ing state and regional cl irate programs 
and by encouraging further development of such programs. 

Continued problems in providing sorvicoo cten fron 
several causast expansion and dispersion of basic data 
sets, tho lech of ticeiy data inventories, alow progress 
by states in funding and in providing climate data end 
related information to users, and caution in the private 
sector in developing and marketing specialised climate 
services. 

Despite the development of two regional climate 
centers, tho lack of dependable federal funding ties led 
to fragmented and idiosyncratic capabilities. The United 
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States otill lacks a nationwide system of climate ner- 
viceo. t.'OAA could advance the development of ouch a 
system by implementing the existing NCPO plana foe a 
coordinated nationwide system of climate services, which 
include increasing operational support for existing 
regional centers and establishing new regional centers to 
complete a nationwide aye too. 

Technological advancoo in observation, communications, 
data processing, storage, and disscaination of climate 
information provide a foundation for development of an 
effective national climate servicer, program. Tho devslop- 
nent of high-speed weathor/cliraato data transmission 
systems end the development of systems and standards to 
deliver near-rcal-tiuo products to moot state, regional, 
and national needs are essential. The national Heather 
Service (IIKS) modernisation program will provide a flood 
of new data. Corresponding improvements in data manage- 
ment aro essential. The timeliness of data and informa- 
tion is a hoy issue. Kew technology will provide 
unprecedented opportunities for rapid and cost-effective 
data dissemination. 

Since establishment of tho HCP, private sector voather 
and climate activities have grown to serve thousands of 
clients, the private sector Chculd bo taken into account 
in the planning of futuro wsather/climato services, 
should ba provided unrestricted access to publicly 
collected data at fair prices, and should bo allovad to 
compete for provision of services to both private and 
public customers. 


/ 
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No single feature of tho environment nay bo acre uni- 
versally tied to human existence and activity than ia 
elicit a. Climate haa shaped our ana terry, body functions, 
sweat slanda, cold oenaorn, end pigmentation* it dator- 
ainss our food supply and diet; and it ia tho principal 
ssotivutar for ouc draco and habitation. tilr.cr changes in 
climate can render sen's works, developed ever centuries, 
inappropriate end incompatible with sen's needs. Climate 
changes can bo cataclysmic cr oo gradual that ua are 
unacaro of than until uema threshold is passed that limits 
food production or transport* a bay or rivor fr eases or 
tho Mater supply fails, early or late front limits a crop 
range, or an o&cential component in tho food chain dis- 
appears. Just as tho daily ve&ther forecast can guide 
nan's activities to minimizo weather-related losses and 
take advantage of favorable weather, knowledge cr uarning 
cf climate change can guida chose who ore responsible for 
longer range plann and contingencies. At the name time, 
the persistence of climate permits past experience, mani- 
fested in climate data, to guida current planning and 
design of ccn-mcdo systems. 

Since the t:c? was organized in 1978, *• 1 a focus of 
effort toward climate prediction and utilization of 
cliretc data has boon achieved that did not pxist before. 
Tho Huticnal Climate Program Office (tiCFO) has carved to 
inform end, with the national Climate Program Policy 


* Public Law 95-367 (Saptcsber 1978) The National 
Climate Program Act. 

’National Research Council (1979) Toward a U.8. Climate 
* Program Plan. Washington, D.C . i National Academy Press. 
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Board (13CPPB) , has helped coordinate agency efforts across 
tha government. KCPO has provod to be a positiva force 
in the coordination of acme abates' activities. Experi- 
mental forecast center s, supplemented by the work of 
individual researchers, have been a focus of predictive 
experiments and have resulted In progress in Inproving 
prediction. Observational networks have shed nuch light 
on the trends of greenhouse gases (CO^r CH 4 , HjO, CH 3 CI, 
etc.). It is now accepted that trace gases could soon 
have an equal impact with CQ 2 in terns of changes in 
tho radiation budget. The EU30 of 1982-1933 was well 
documented, and atmospheric end oceanic models using real 
data have begun to reveal tho physical basis for the 
evolution of this phenomenon. Confidence is building 
that early signs of the next event nay help in predicting 
anomalies for a year or more in advance. The importance 
of long rocords of physical parameters in the atmosphore 
and oceans has been underlined. Tho need for under- 
standing anthropogenic, biological, and geological 
forcing end feedbacks ha 3 become core obvious than ever. 
Global change,’ global habitability,* and Inter- 
] national Geosphere-Biosphere Program’ aro emerging 

, concepts largely stimulated by a greater awareness of 

; climate complexity, variability, end impacts. Such 

> programs seek to enhance our ability to unify and 

understand the global system and cake predictive cod 7 : 1 s 
! possible. 

| Technological advances provide a potential for 

improvements in tho quantity, quality, and tinslineco of 
climate data. Many states have installed automated 
! weather stations to ma.st research and operational needs. 

: A few states have been linked into a network. Incrcao- 

| ingly, computer and communications technology aro used in 

combination to provide clina no data in near real time. 

I This has helped create opportunities for new uses of 

i client-' data. 

j 

I 

1 

1 — — — , ... 

; ’Malone, T.F. , and J.G. Roodcrcr (1S84) ICED Symposium 

! on Global Change. New York* Cambridge University Press. 

’Goody, r.m. (1902) Global Change! Impact on 
Habitability. Jet Propulsion Laboratory (JPL 0-95) , 
California Institute of Technology, Pasadena, Calif, 
j ’National Research Council (1936) Global Cnange in the 

! Geosphcre-Oiocphcret Initial priorities for an IGBP. 

Washington, D.C.i National Academy Press. 
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Thcao beginnings of understanding have been built upon 
200 years of data 3 terming frora the understanding that 
Washington, Jefferson, and Franklin had of the importance 
of clisate as a resource and the necessity to inventory, 
Bonitor, and understand it for the continued development 
and guidance of society. Future productivity and the 
quality of lifo vill dopend upon enlarging our under- 
standing and predictive capabilities. They also will 
depend on using the historical data and predictions to 
oaks our systena more resilient and responsive to change 
and to guide our actions in a way that will not induce 
undesirable or costly change. 

Clinatc is at the oaao tico a global resource, a 
problem, and a concern. The physical connection between 
events occurring in any part of the globe and tho rost of 
the world, telegraphed by the oceans and atmospheres, can 
bo communicated into nan's activities that are further 
connected econoaically, politically, and sociologically. 
Global understanding of climate can occur only through 
global cooperation in science. The quality of life for 
all mankind can be assured only if theso is global 
utilisation of our knowledge to nininize suffering and 
loss, to nsxinize productivity, and to nininize adverse 
inpacts on oceans and atmosphere through nan’s activity. 


, * c 
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CLI’IATK PROGRAM POLICY ICSPES 


Because clinato and society interact in cccplca ways and 
because the national Clinate Program (13CT) is an inter- 
agency, intergovernmental effort, questions of public 
policy pervade the progrea. Many of these questions have 
been and are continually being addressed by the national 
Clicate Program Policy Board (HCPFB) , which is oada up of 
senior agency officials. This forum provides a rachanisn 
for coordinating key olcranta of the program and for 
establishing agency cosaitcenta to national and inter- 
national projects. The board addresses hey policy issuos 
raised by our growing understanding of clicato, its 
impacts on society, and the emerging technologies of data 
canagecent and clinato prediction. A limited nucha r of 
these leases that deserve consideration in the KCP 
planning process are addressed here. 


2.1 The national Cl irate Program Act and Its Previsions 

2.1.1 Interagency Coordination 

At tho core of national climate policy is the act itself 
and its hey provision for the coordination and enhancement 
of agency efforts in the clients area. The davolortsant 
of a five-year plan la in itself a r.ochcnlsa through 
which intoraeoncy coordination and cc^-nitnenta ar e 
developed . The rain responsibility of the IJC-PO is to 
ensures that the agreed program in adequately coordinated 
and that the planning process is updated annually. A key 
function of the KCPP3 is to foster interagency coordina- 
tion and to identify areas where such coordination is 
needed. The 1ICPO and tho KCPP3 also should reach out to 
user agencies to encourage their greater participation in 
the program. 


12 


2.1.2 Climate Act Amendments 


Over tho lest five yearn, several efforts hove been nade 
to amend and clarify tho national Climate Program Act of 
1978. Congressional hearings have been hold and a revised 
bill was enacted by both the Bouse of P.opreuontativcs and 
tho Scnato in December 1908. Unfortunately the bill was 
not signed into lav because of problems with other legis- 
lative natters incorporated in tho bill. These amendments 
are being considered by the current congress. Among 
their provisions are the removal of tho requirement for 
an advisory committee of users and producers of climate 
data and information; tho creation of a charter for the 
existing interagency Climate Program Policy Board, 
together with an outline of its responsibilities; elimi- 
nation of the requirement for a formal Intergovernmental 
Climate Program; changes in the frequency for revising 
the Five-Year Plan from biennially to at least once each 
four years; and better definition of the duties of the 
KCPO end its Director. (Note; the latest version of the 
emanded act passed the Bouse in December 1939 and is 
currently being considered by the Senate.) 


2.1.3 Cap-Filling Bole of KCPO 

Greater flexibility is needed by the UCPO to provide 
support of “as needed” efforts to fill gaps in the KCP 
not addressed adequately by individual agendas and to 
support one-time efforts such as the recent review of 
nuclear winter, and drought planning. This funding 
leverage is critical to the development of a comprehensive 
climate program. Funding to fill critical gaps should 
not distract tho KCPO from its core coordination mission, 
but must nevertheless be adequate to produce high-quality 
studies and assessments of emerging issues. 


2.2 Climate Data llanagemant 

The nation's system for collection, archiving, and 
disseminating climate data is far from optimum. State 
programs are of uneven quality. Tho regional climate 
center concept has not yet fulfilled its potential to 
integrate data gathering and management. Furthermore, 
distinctions between weather and climate information in 
terms of data communication and management have been 
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largely outdated by technological developments in the 
past five to ten yearn. Communications and micro- 
processing technologies make it easier to access all 
types of qeopbyaical data in near real time, indeed, 
experience has shown that many users need access to a 
continuum of weather and climate data. 

This blurring of the distinction between weather end 
climate data offers a good opportunity to coordinate 
atmospheric data management among various levels of 
government and the private sector. This will be discussed 
in Chapter 5. The NCP can provido a framework and 
impetus for taking advantage of this opportunity to solve 
a critical problem in weather and climate research and 
services. 


2.3 Drought Policy 

It is time to institute a coordinated interagency and 
intergovernmental effort to reduce our vulnerability to 
drought (including shortages in agricultural, urban, and 
industrial water supplies) . Policy planning analyses of 
governmental drought response in the 1970s 1 - 1 point 
to the poorly coordinated reaction to, and inefficient 
monitoring and assessment of drought. 

The development of several state drought plans (e.g., 
Colorado, South Dakota, iftbraska, and How York’} speaks 
to a recognised need to have in place mechanisms for 
detecting, assessing, end mitigating drought impacts. 

The creeping, large-scale nature of drought makes it 
particularly difficult to manage without broad 


‘General Accounting Off '-o (1979) Fcdoral Response to 
the 1975-1977 Drought: it Should bo Done Next. Report 

to the Comptroller Gnneial. Washington, D.C. 29 pp. 
’Wilhite, D.A., II. J. Rosonberg, and M.B. Glantz (1984) 
Government Response to Drought in the United States: 
Lessons from tha !1id-1970s, Part 1, Executive Summary. 
Progress Report 84-1, Center for Agricultural Meteorology 
and Climatology, Univorsity ot Nebraska, Lincoln. 
'Wilhite, D.A. , H.J. Rosenberg, end II. a. Glan-z (1934) 
Government Response to Drought in the United States: 
Lessons from the Mid-1970s, Part 1, Executive Summary. 
Progress Report 84-1, Center for Agricultural itatoorology 
and Climatology, University of Nebraska, Lincoln. 
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coordination o£ information and responses. The apparent 
lack of drought planning at the federal level suggests 
that the neat major U.S. drought will again evoke an 
inefficient and poorly coordinated responso ac did the 
droughta of the 1970o. 

The KCFO is in a unique position to initiate planning 
of efforts to inprove our scientific understanding of 
droughta as a basis for development of core effective 
tactics and strategies for water and land oanagesent. 

The effort should include the following: 

• improved definition of drought, with enough 
detail so that response nechsnisas con be tailored to 
drought extent and magnitude. 

• better monitoring of key physical and social 
variables, and data analysis that feeds into preexisting 
drought cssessaent schemes. 

* better local, state, and federal communication 
and coordination as drought develops. 

* better deternination of drought response relief 
responsibilities. A coordinated drought contingency plan 
should also provide for predrought and postdrought 
aitigation that encourages adjustment in drought- 
vulnerable areas and activities while the experience is 
still fresh. 

An integrated drought policy Bust include the planning 
and participation of all levels of government and private 
sectors sensitive to water shortages. 

Drought is a global probleu posing challenging scien- 
tific questions and involving difficult humanitarian and 
econoaic issues. Specific further cements on some of 
these questions are given m Section 4.2.3. 


2.4 Application of Impact Assessment Methods 

A process of evaluation, innovation, and integration 
during the last five years has yielded a better integrated 
body of clinate impact assessment siethodology than was 
previously available.' Articulated chiefly within the 
academic community, it is prudent to suggest that 


'Kates, R.w., J.Q. Ausubel, and M. Barbarian (1985) 
Clinate Inpact .’V'sessnent. SCOPE 27, Wiley, Chichester 
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tbo methods ba transferred, where appropriate, to govern- 
mental oporotion impact assessment efforts. The l£PO 
should continue to proaote the application of clinate 
inpact acoosccentc by federal agencies. 


2.S The Social and Institutional triplications of Clinata 
Forecasting 

Research developments nay portend increased skill in 
long-range (e.g., nonthly and beyond) clinate forecasts. 
Studies of the Bl HirSb/Southcrn Oscillation (EKSO), 
oceanic circulation, and the nestling of statistical and 
dynaaical approaches procaice improved accuracy and lead 
tine. This raises a host of policy questions centering 
on the social and institutional icplicaticns of such 
forecasts, both nationally and internationally. Among 
these concerns are problcss steering frua uneven fcrccaut 
quality from different sources, possible premature 
reliance on clio3to forecasts, and potential cconcaic, 
legal, international, and ethical questions surrounding 
forecast dissemination and use. 

The Experimental Forecast Progran, candatod by the KCP 
Act, includes a caution against prenature reliance on 
long-range forecasts. But recent avents (e.g., burgeoning 
sensitivity to issues of liability in gevernsent-genersted 
forecasts, and international concerns over earthquake 
predictions and their economic icpactc) suggest that this 
caution be widened to include review of the full range of 
social implications of emerging long-range forecast 
capabilities. 

During the next five years the iCCPO should initiate 
and support a forma for alerting the climate community to 
the possible social and institutional issues raised by 
clinate forecasts and their uncertainty, format, dis- 
seninaticn, and source. The goal of this forum should be 
broadly exploratory, in an atteept to identify possible 
problems before they become critical. Sinultoneously, 
the effort night be used to identify useful applications 
for leng-ranga forecasts that night not yet be apparent. 


2.6 Kater Resources and Clinate 

The energing nationwide problen of water supply and 
quality nay not have been accorded timely and adequate 
attention by the KCP. Key agencies with untor resources 
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recpcmlbllltisa (e.g., tha U.S. Geological Survey (CSG3) , 
Bureau of Reclennticn, soil Conservation Cor vice, end the 
Arcy Corps of engineers) fcavo not bean integrated 
adequately into the progtoa. Vet voter icouoa raise 
serious public policy concerns for tho near future. The 
Rational Cllrato Proor?*i Policy Board nhould rvifco n 


cor.cartr-d effort to naa that moerntrnding of clirnte and 


its ircccta ia roro fully ccnfiidorod in vntnr nlannin 


and Kanagcmcnt. Tho effort , through increased interaction 
of the relevant agendas and water-related professions in 
workshops, data sharing, end rccaarch, should bo a lead at 
anticipating tho uatcr problems likely to be acsociatod 
with futura cliaate fluctuations. 


2.7 International Cooperation 

Tho central international effort in tho arena of cll&ate 
is tho World Clinato Progrca (WCP) , an enterprise of the 
World Meteorological Organisation (tTJO) . The KCP has 
four Rajor subprogram i 

1. The World Cl irate Research Program (KCRP)’ is 
sponsored by and the International Council of 
Scientific anions (ICSU). It is directed by a Joint 
Scientific Comittoo (JSC) end carried out by a Joint 
Planning Staff. The IXUP sacks to develop the scientific 
understanding necessary for prediction of clinato 
fluctuations and assesasent of tho sensitivity of cli&ate 
to human influences. 

2. The World Clinato Inpacta Program (trci?) , led by 
the tjnited Rations Environment Prograa (EKEP) , seeks to 
develop and apply cethods for assessing the effects of 
climate variation and change on human society. 

3. The World Clinato Applications Progrca (REAP) . 
conducted by l S2), seeks to develop and disseainato 
techniques for applying our knowledge of cllsafe to 
practical applications in problea areas such as food, 
water, and energy. Par example, a disrate Applications 
Referral System (CARS) has been developed. 


•international Council of Scientific Onions and World 
Hateorolog) cal Organisation (1985). Pirct Inplcacntation 
Plan for the World Clinato Research Progrczasa (KEEP Ho. 
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4. The World clinata Data Program OXDP) , nlao 
conducted by the UKQ, acaka to ieprevo tha availability 
of climate data retired by tho other cciponents of the 
progroa. 

Tba United States has been a major contributor to the 
development of tho WC? and will ba a major beneficiary. 

As tha progroa evolves to maturity, its irarldaida support 
has strengthaned steadily. Tha inherently global nature 
of cony of tha coat important climate-related scientific 
and societal problems demands a osherer.t end stable 
international frecauorlt. Therefore, it in recommended 
that tha United States maintain its long-standing 
endorsement of the prograa as a ubolo and taka port 
actively in its component subprograms. 

In tha nest five years, tha UiJO will ask ncHbar nations 
to nafce national corciiteontn to programs of the I.~CP. An 
infernal commitments nesting for tho iXEP is already 
planned for Slay 1DCG. The tXTPO has tho recpcnnibillty 
for coordinating tha development of a national position 
for commitment costings as they arico. Tha t.s;p policy 
Beard ia tha appropriate forum for negotiating agency 
comaitcsnts to tho SJCP and for developing notional 
positions. 

Other fores of international cooperation (a.g., 
bilateral agreements with tho Soviet union and the 
People's Republic of Chinn, and the recently signed 
Itemorcndum of Understanding with the Canadian Climate 
Prograa) are to be encouraged, us ere collaborative 
research, data, end services activities. 
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CLIMATE OYSTTH Rr^MCH 


The second objective of tha Global fttmocpharic Ecaaorch 
Program (GATl?) wna to undertaha research that would lead 
to a batter uruJaru tending of tha physical basis of 
cl lea to. Considerable progress bas beon ctda in advancing 
our ability to codal tha climate cyatoa to tha point 
where cany of its gross characteristics, and even soma of 
its nuances, can bo simulated end verified, fa a result 
of this substantial headstart, dim to cyatoa research 
has gene beyond merely accounting lor the largo-ccalo 
structure of tha average or a c«iuilibriun" dice to. t?e 
are beginning to be able to deal with dictate variability 
on several different tine scales. 

Sena of the tins cedes of clisato variability are 
forced by external influences, such as by seasonal varia- 
tions of the solar declination or by much longer-terie 
orbital variations of tha planet (20,000-100,000 years). 
Others sro related to changes in the composition of the 
atmosphere or in tha nature of its lower boundary— 
problem.! with tica scales of years, decades, and cen- 
turies. Compositional changes could be anthropogenic or 
natural in origin— CO2 being a notable esremple. Tna 
sane is true in the cose of the lower boundary 
influences— deforestation and ever gracing providing good 
illustrations of human influences. Considerable research 
is being supported in anticipating the response of 
cli&ate to ouch forcing factors. 

Tha climate system comprises the atmosphere, the 
oceans, the land surfaces, tbs biasphoro, and tha cryo- 
sphere (that is, the snow nnd ice cover). This uyeten is 
extremely complicated. Its components have widely dif- 
fering the real and dynamical response times. Further- 
more, the total system has built into it feedback 
mechanisms, some of which accentuate interactions and 
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cone of which raederate then. Several of those feedback 
ncchsnlcxs already hsvo been identified and node-led. 

Such facdbacku cccpiicata tha nature and tha sensitivity 
of rceponsa of clients to ouch influences aa a CO, 
incroaao. 

HavertholecB, feedbacks {iJxo ccxr.plic.ito tha natural 
variability of clirute, which would occur even if ran did 
not temper uith the atmosphere's composition or with the 
characteristics of tha lower boundary. In fact, it is 
now thought that certain characteristics of this natural 
variability niqht be predictable, at least in none of its 
significant statistical properties. The exeat prominent 
exarp le is variability on seasonal and intermmual tine 
acaloa, including such phenomena as Cl HiTTa, drought, and 
other chcrt-torn extrema of clicnte. 

In looking bach, it in evident that cose progress 
already has born cade in understanding the workings of 
the clioste na china, but as our ability to provide 
answer o improves, we inexorably ash csro difficult and 
core detailed questions. it in this chain of challenges 
that drives tho quest for the ingredients of a core 
intlzato understanding of naturo. 


3.1 Progress (157C-1905) 

Research in clinate has progressed on a variety of frento 
since 1973. Casa oi tha cost important advances include 
tha following! 

• greatly increased understanding of aticaphera- 
oesan interaction including the LL’CO phencaarxcn, 

• a new appreciation of tho diatlnct structures of 
otcs3pheric variability on time scales of weeks to isontha. 

• improvements in both statistical and dynauical 
long-range forecasting. 

• breakthroughs iu satallita technology that, 
together with new knowledge of transient tracer dis- 
tributions in tha oceans, have opened new possibilities 
for oceanic codding. 

• tho first craaurcrsnts in ice cora bubbles of tho 
CO 2 concentration frees glacial tinea to the prccont. 

• tha ceacureftint of significant upward trends in 
greenhouse trace gases, as wall as new data and nodule 
for tropospheric orcr.a sad stratospheric cescsolsr. 

• the develcpmrat of the Earth Radiation Budget 

Experiment (ERSE) ratcllite and the International 
Satellite Cloud Climatology Project (ISCCT) . ; 


.u- 



r ' ' 


v^’ 7- -P ' 


21 


3.1.1 Inter&nnual Variability of tho Tropical Ocean and 
the Global Atnosphoro (TOGA) 

Within the past 20 years, scientists have recognized that 
the oceanographic El tiino phor.omonon and the atmospheric 
Southorn Occillation are intimately related parts of a 
ninglo phenomenon , EK50. Understanding of tho two-way 
interaction batvaon the tropical ocean and ctcoopbara 
responsible for E350 has progrosccd rapidly since 1978 
following the establishment of Equatorial pacific Ocean 
Cllrato studies (FPOCS) . Katocrolcglsts bavo learned to 
recognise the pattorna of global atmospheric circulation 
anomalies that arise in response to El Uinb can surface 
temperature anomalies. Oceanographers bavo gained an 
understanding of the response of tropical oceans to wind 
anomalies. Coupled atmocphare/ocean models have been 
davalopod that simulate some fcaturoo of the 330 events. 
Recont rtatistical end dynamical modeling suggests that 
EUSO events, including atmospheric manifestations tech as 
drought in Indio end Indonesia, flooding in Faru and 
Ecuador, and cold winters in tho southeastern United 
States, may be predictable with varying degrees of skill 
a year or nor a in advance. 


3.1.2 Low-Frequency Variability 

Observational and theoretical studies have dramatically 
increased our understanding of tho structura of 
atmospheric variability on time scales of weeks to 
nontha. Thaos structures include old-latitude blocking 
and uavelike tsleconnection patterns, aid tha 30- to 
50-day oscillation in tho tropica that is intimately 
related to tha "active-break" cycle in '•ho Indian cummar 
nonsoon. This vo : >: has prcvldrd n new cozicoptual 
frcasvork within which ono cm analyaa tho success or 
failure of long-rrrcQ gcrconstn . increasing computer 
power also has permitted Uio analysis of the natural 
variability of atmospheric general circulation models on 
these tins scales. The cpantancous gone ration of all of 
tho nbovo-tirntioasd structures has been observed in tha 
models, generating a variety of now avenues for research. 


3.1.3 Lcng-Rsnga Prediction 

Important advances have been node in both dynamical and 
statistical prediction on tins scales of weeks to 
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conths. Sophisticated statistical osthoda have boon | 

developed that leave no doubt that objective statistical I 

forecasts of monthly and seasonal Dean temperature do 1 

have significant skill. Dynaaical predictions with 
general circulation codols of tine-averaged proportion 
aleo have shown very prcaising skill in certain instances. 

Analysis of tho tine evolution of syataaatic errors in ' 

numerical weather forocacta has developed into an 

lcportant technique for isolating sources of bias in 

atsospharic circulation nodels. Tho combination of 

rosulto froa observational studies, dynamical ttodols, and | 

statistical prediction has set tho stags for advances in | 

forecasting ability on those tieo ecalos. 


3 . 1.4 Ocean Circulation 

Marked progress took place in the period since 1973 in 
tho ability to observe and understand the ocean cir- 
culation on olicatolog ically important space and tine 
scales. 1973 was the year of the SShCAT rpaceccaft 
mission, which lasted lcr.g enough to desnnstrate tho 
capability of esasuring global surface winds end the 
altirotric determination of aea surface topography. Many 
othsr cajcc technological dovolcpnants of the nid-1970s 
to tho present occurred in in nitu instruments, such as 
neutrally buoyant floats, end in acoustic and other 
instruments capable of large-scale deployments. 

Kaw analytical techniques have trade it practical to 
utilise a number of can-cada trace substances, par- 
ticularly freens and tho isotope pair H 3 /n s 3 , for tho 
study of decadal tiso cede exchange between utaesphsra 
end ocean, and the related oceanic transport processes as 
well as rates of water tsass modifications, equally 
important progress was cede in computing power and model 
dovolcpnent co that it now is apparent that eddy 
resolving, thrrnsdynaaically active basin, cad larger- 
scale ocean circulation medals are heccaing available. 

Tho prospects for availability of substantial data 
sets have encouraged increasing effort to develop 
diagnostic techniques and to test the perfornance of 
numerical ocean circulation uodels in prediction of 
transient tracer field evolutions. Model performance in 
this respect is important for problems like tbs oceanic 
CO 2 uptake as wall as for studies of heat transport 
transients and of biogeochcaical fluxes of potential 
climatic significance. A technological revolution 
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analogous to that which lod to tho Global mother 
Erporir-tnt (clco known as FGGi3, tha First GitEP Global 
Esparimrnt) is, for the first tine, possiblo for ocaanic 
obcarvaticn and understanding. 


3.1.5 Poleoclinatology 

Palooclicatolcgy continues to provida valuable insights 
into clients dyntuics and sensitivity, recant nsacuro- 
aents o£ tho composition of air bubbles in Greenland end 
Antarctic ica cores hevo demonstrated that tho C0 2 
ccncontration in the atmosphere at tha pack of tho last 
ice ego was only about 200 ppn (compares to about 26C ppa 
in 1050 and 340 ppa now) . lea coro naaourcacnto have 
also provided new outinatca o' tha pro-industrial CCi 
concentration. It io alco now apparent Cron detailed ice 
core studios that the changes in atmospheric CO2 
Bsenurad from ica cores end temperature changes derived 
Cron onygsn isotopic analycoa are remarkably coincident, 
thus obscuring any direct causal relationship. 

Simulation of tho ica ago cl lento and clinataa of tho 
early Coloccna with general circulation models (G Cb) has 
indicated that reconstructions of those paieoclimatas ace 
invaluable in testing tho models' sensitivity. Kate infor- 
mation on the evolution of oceanic circulations frea 
glacial to postglacial ticca premises to provide very 
useful testa of Oceania codeia. ?ho case has been 
strengthened that tho glacial cad interglacial fluctua- 
tions of ths last million years arc controlled by changes 
in tho earth's orbital parameters (tho tlilcnkavitch 
theory), challenging tho climate mcdelarc to osplain how 
theso perturbations can produce such largo fluctuations. 


3.1.C Hlnor htooaphcric Constituents 

Trfco Gas tr e nds. Recant evidence (msesuremonta and 
nodol recuito) suggests that the cusulativa effects of 
incroeolng concentrations of rediativoly active trace 
gases in tho atmosphere (o.q., n 2 0, C14, O3, CPCI3 , and 
CP^Clj) could have an overall greenhouse effect comparable 
to that of COj. Ginco accumulation rates of seme specioa 
aro growing at a rate grantor than tho accumulation rate 
of C0 2 , a suitable monitoring prcgrnn is warranted as a 
basis for projecting futuro concentrations. 


\ 
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Trcnospheric Qgona . Measurements have shown that tropo- 
spheric osono has increased In northern middle latitudes 
by about 7 percent during the post decade. The cause of 
this increase is unknown. This in of particular concern 
because of its dual effect as a greenhouse gas and as a 
troublesome pollutant. 

Stratospheric Aorosols . Recent studies of otratosphoric 
aerosols injected by volcanic eruptions, o.g., El Caichon, 
have provided much insight into tho affects of aerosols 
on atmospheric radiation and climate. In general, the 
lnipact of stratospheric aerosols is opposite to that of 
infrared absorbing gasos cuch as CO? 1 in that they 
tend to produco a heating of tha atratosphera and a 
tropospheric cooling. On tha basis of comparison of El 
Cbichon with other volcanic eruptions (c.g., Kt. St. 
Helens, Agung), it was concluded further that tho critical 
factor is not so much tho explosive power of the eruption 
ao the quantity of sulfur compounds injected into the 
stratosphere. Variations in the stratosphoria aerosol 
loading will complicate attempts to isolate the predicted 
warming due to greonhouao gesso. 


3.1.7 Radiation and Clouds 

Building on oxpsrienco gained from experiments flown 
during the 1970s as part of tho initial nimbus program, 
the K&SA Earth Radiation Budget Experiments (KRaR) 
program was developed to provida Improved broad-band, 
top-of-the-atcosphero flux measurements crucial for 
understanding and modeling tha energy balance of the 
earth. Tho first two satellites in tha thrsc-satsllite 
program wort, launched in 1904. 

The international Satellite Cloud Climatology project 
(ISCCP) began its operational data collection phase in 
1SB3. Tha objective is to produco a five-year radiance 
and cloud data set, tba cost important characteristic 
being globally uniform coverage of various indices of 
cloud cover and radiative properties. The difficulty of 


‘World Meteorological Organisation {1S35J Conference 
Statement ori Internaticnal Rasascmant of the Role of 
Carbon Diox .do and of Othor Greenhouse Gases in Cl irate 
Variations .tnd Associated Impacts. 
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noddling clouds in climate codeia ia tha nain icpodiacnt 
to icproving estimates of climatic sensitivity. Tha 
global ISC Of data oat represents a stop in tbs attack on 
thin very tough problca. 


3.2 Priorities for tha Future 

In assessing the progress cade in cliucte synton research 
sines the t:C? b;gan, tho importance of institutional 
flexibility becomes obvious. Although cany of the 
-cooarch geps and opportunities identified in 1970 
.stained their importance or urgency, r.cca problems had 
not been anticipated at all or at least their importance 
had not been fully appreciated. Yet the federal oystaa 
of research support was flexible enough to respond to 
changing needs. Such flexibility la assent! nl for the 
continued success of any national cllcato research 
program . 

Tho cllnato research progress is broadly interdis- 
ciplinary with nubprograzs that often are basic to 
several different objoctives. Furthermore, boss programs 
have become timely because an opportunity has attained 
aaturity, soceticoa unexpectedly. Others are timely 
because of a critical coed to fill coca important gape. 
Sosa subprograms are critically in need of a few good 
ideas that cay turn out to be inexpensive to implement. 
Others cay be unavoidably expensive, particularly 
observing systems. Sees efforts cay require protracted 
attention, while others cay proaiae a relatively short- 
torn payoff. 

It would be nialeading to assign relative priorities 
based on oversimplified indices of judgment, what follows 
is a list of eight subpregran areas of widely different 
type, dimension, end disciplinary content that have been 
identified for sponsoring agencies. Those are logical 
next stops in an overall strategy to understand and 
predict climate variations. There is no significance to 
the order in which they are listed. Clearly, the 
reeponoivo flexibility demonstrated by cission agencies 
will continue to bo requirod to fund and implement tha 
overall program. 


3.2.1 Minor Atmospheric Constituents 


Badiatively and photocheaically active trace ga3ea and 
aerosols in tho atmosphere influence the earth’s clinato 
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to an extent far greater than thole concentration suggests 
at Hirst glance. The recent discovery that the combined 
effects of a number of traca gancs (nitroc.o oxide, 
noth ana, fluorocarbons) arc likely to produco climate 
impacts comparable to those of the expected COj rise 
over the next 50 years warrants significant attention to 
the monitoring of and roooarch on trace gases. Recent 
studios indicate that the chemistry and r&dintiva effocts 
of volcanic aorocolo end their residence tines in the 
stratosphere cay cask and obscure the greenhouse effect 
of the trace gases. Accordingly, a continuing roaearch 
program should be maintained. 

To accompany monitoring of trace gas concentrations, 
research on biogccchcuical cycles should rddresa the 
question of sources, both natural and can-cade, and sinks 
of these potentially important constituents. 


3.2.2 Folar Processes 

Cl lento variability results front changes of tho global 
atmospheric circulation that are forced by tho global 
pattern of heat gain and loss. The tine variability of 
the global pattern of thermal forcing is control to 
understanding climate variations. 

It is of fundcmantal importance to delineate the tioa 
variability cf tho intcncity of the tvo polar heat sinkG, 
especially Antarctica. Priority chould bo given to 
temporal variability over tho last century, a period for 
which instrumental observations permit reconstruction of 
the structure of clicato variations over much of the 
planet. It is also important to delineate coherent 
spatial variability over Antarctica by reconstructing 
temperature histories from a network of shallow cores 
from the high ico plateau (20-a depth is adequate for 
cost locations) . 

It is also important to detomino the physical 
presences and factors responsible for intarrmnual and 
decadal voriabillty of tha Antarctic host nir.k. Thiu 
requires measurement over time of all ccr^caonte of tho 
surface atmcopharic and oceanic heat budgets at selected 
stations that ora rspresantative of large regions. 1 


1 national Research Council (1984) The Polar Rojiona and 
Climate Change. Washington, D.C.i Rational Act deny Press 
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Modal results Indicate that the greenhouse* warning 
will ba largest in polar regions. This polar amolifica- 
tion is sensitive to the details of the sea ice model. 
Pield progress designed to isprovs our ability to eodol 
sea icc, lco shelves, and mrino-baoed ice sheets should 
be given high pricrity. Tho fornation of dcop and 
intermediate waters at high latitudes is of particular 
importance. 


3.2.3 Drought 

The topic of drought is both a gap in the climate program 
and a special opportunity to advance our understanding of 
clisato variability and climate change. Dsov ht research 
also includes the more general problem of watt. csoarce 
availability, especially since one cannot understand or 
define a drought without considering the periods of normal 
or surplus precipitation, worldwido attention on the 
drought in Africa makoa it coro likely that intellectual 
and financial resources can be marshalled to provide the 
most complete description of global meteorological and 
other climatic variables associated with this tragic 
phenomenon. Such a sat of empirical studios is a 
precondition fer advances in theory and modeling. 

The study of low-latitude rainfall variability 
requires an catena ion of tho knowledge of ocoan- 
atmoephsra coupling accumulating under the T0C5A rubric to 
a related but more complex situation in land surface 
processes. The relation of drought episodes of a few 
years duration to tho longer tore process of decertifica- 
tion should bo investigated. Longer term is used here to 
mean several decades, but it should be noted that the 
drying up or tho Sahara has been vaking place for 
thousands of years. 

Recurrent droughts in regions of tho continental 
United States are an obvious concern of the national 
Climate Program. It would bo valuable to study them in 
parallel with droughts in tropical and subtropical 
regions because tho contrasts and similarities between 
droughts in the two regions should provide broader 
insight into tho general problem of drought. 

High priority should be given to focusod study of the 
climatic aspects of drought within the context of tho 
national and world climate programs. The project might 
include the following components i 
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• reconstruction of long tints series of African 

i climatic data to improve our understanding of the natural 

variability of rainfall and paleoclimatic reconstructions 
, of past wet and dry periods. 

• a study of the older droughts in the United 
States, such as those in tbo 193Cs. Meteorological data 
in addition to precipitation data are required. 

• TOGA-reiated research bearing on the genesis and 
predictability of low-latitude rainfall. 

• model studies of the relationships botwaen land 
surface changes and clioato, notably including efforts to 
incorporate core realistic ground hydrology into GCHa . 

Changes in land use and vegetation (e.g., largo 
irrigated areas, deforestation, and cvergrasir.g) have 
important feedbacks on climate. For example, there is 
sane evidence that summer irrigation in the U.S. western 
Great Plains is associated with increased precipitation 
in that season. 


3.2.4 Cloud-Radiation Interaction 

A major deficiency exists in the parameter ization of 
clouds and their radiative effects in climate models. 
Changes in cloud covor statistics over a largo area will 
alter, after a period of time, the basic state of the 
atmosphere and oceans, and thus will constitute a 
potentially important feedback mechanism with respect to 
climate change. This is of particular concarn in efforts 
to evaluate climate response to CO2 and trace gas 
increase. 

Increasing the cloud cover at the some altitude, in 
general, will reduce the solar energy absorbed by the 
earth-atmosphere system and, at the same time, reduce the 
thormal radiation loss to space. The extent to which 
those effects tend to balance in soma overall sense has 
been a subject of great controversy over the past decade. 
In principle, it is possible to compute the radiation 
fluxes when the cloud distribution and physical structure 
are known accurately. Nevertheless, the problem of 
predicting the cloud fields in the required detail is far 
more formidable and is as yet unresolved. Particular 
problems relate to the prediction of extended multilayer 
clouds, marine boundary layer stratus clouds, and cirrus. 

Ultimately, to be useful for climate studies, 
parameterizationa will have to bo such that statistical 
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properties of cloud fields will have to be related to the 
large-scale parameters of the climate system. Steps to 
achieving a satisfactory scheme are as follows* 

• develop a global climatology of important cloud 
cover parameters and exploit these data in the study of 
cloud/clicate feedback. 

• develop cloud dynamic medals in which the 
turbulent, thermodynamic, and aicrophysical procesccs 
that contribute to the generation, maintenance, and 
dissipation of clouds are incorporated. 

• develop and test methods of parcxeterislr.g clouds 
in a hierarchy of climato models including GCKs, 
statistical-dynamical models, and energy-balanced 
nodelo. Parameter isations must cover the radiative and 
dynamical processes. 

These three steps involve a wide range of research 
activities including satellite observations, data sot 
development, theoretical studies, and model developments. 
The first atop is addressed by the I&CCP, the second and 
third by tbs First IECCP Research experiment (PXKJi) . 


3.2.5 World Ocean Circulation Experiment (t.’OCE) 

As scon as time scales of interest in climate exceed a 

few wee'es, understanding the role of the ocean as an 

active participant becomes essential. The development of 

oceanic models of the sophistication necessary to under- I 

stand dilute will flounder if the ability to observe the 

ocean on global scales does not improve dramatically. 

At the present time, there are almost no continuing 
observations oi the ocean other than marine surface 
meteorological observations. The technical revolution 
described in Section 3.1 haB made it possible to construct 
a plan for observing the ocean for the first tine on the 
requisite global scale. This plan, ifOCE, * will provide 
a global-scale observation and modeling program directed j 

squarely at climate issues, ft -CCS also is a major element J 

of the World Climate Research Program.) I 

i 

4 


’Woods, J.D. (1985) . The World Ocean Circulation 
Experiment. Pature 314*501-511. 
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Foe l<*0CB to proceed there oust be commitments In tho 
very near tern for tho long-lcad-tice satellite elements 
that are crucial to its cucccss, Ocean Topography 
Experiment (TCPliX) and t.’avy Flcuote ocean Sensing System 
(KROSS) . In order to realise the full benefit of those 
new satellite observing oyntcirs, it also is necessary to 
put in place certain ground-based observing syntcraa ouch 
as an expanded and sodernized global sea leval observing 
network. Chenical transients (especially fluorocarbons, 
tritium, and beliu&-3) Bust ba observed on a global scale 
beginning immediately, before tho oajor benefits of being 
able to observe tbca are lost. Kodeling resources 
necessary to cope with the anticipated data seta cast 
bfcooo available. 


3.2.6 Long-Range Heather Prediction (weeks to conths) 

Through development of statistical and dynanical mathods, 
tuaro has been an improvement in our ability to prepare 
oonthly and seasonal forecasts, for example, experinante 
in recent years with general circulation ucdaln have 
suggested that the persistence of a blocking episode for 
as long as a contfc cay be predictable in seas cases. The 
potential oL a still broader class of predictable states 
in the weeks to seasonal tins range needs to be explored 
aggressively, tf ouch states can be isolated, and under- 
stood, tlicn the prediction of extrema anoaalie s of 
precipitation and temperature can be exploited for 
decision caking for veather-aonsitive socioeccnoaic 
activities, furthermore, research on extended range 
prediction prcaioes to he invaluable in Isolating biases 
in acdals now used both for extended prediction (i.c., 10 
days or less) and for cliuato sensitivity studies. 

It is through tho cxpccioantal climate forecast centers 
that university scientists, working with government 
operational programs, can initiate, develop, and teat new 
prediction ideas. Such university-based basic research 
needs to he expanded. 


3.2.7 Tropical Ocean/Global Atmosphere (TOGA) 

Tilt* TOGA program, especially in its EESO-related eiectnt, 
offers great prospects for a payoff in the future. It 
appears that a satisfactory theoretical framework for the 
El ISO cycle will be firstly established within the next 
five years. 
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Progress in understanding tho coupled ocacn-atcoophare 
eyotea in the tropical Pacific and its relation to global 
•tcospharlc fluctuations! can bo expected to lead to now 
insights into other phenomena that depend on a coupling 
between tho tropical oceino and tho global ataospharo. 
Climate variations in countries surrounding the tropical 
Atlantic and fluctuations In tha Indian conooon are likely 
osarplcs. In addition, tnlo improved understanding and 
nodding capability strongly suggests that significant 
predictive skill for Cl Ulna ard related global climate 
fluctuations in both tropics and cid-latitudas (i.e., tho 
Southern Cremation pattern) will bo attained within tha 
neat fivo yoars. Prospects for success for this fore- 
casting activity can bs enhanced substantially by 
providing tho proper support—obnorvntional monitoring, 
data collection and analysis, and medal development. 


3.2.3 Palcoclinotology 

Oofiinitive esticatco cf climatic sensitivity remain 
olusivo, prinarily because of uncertainty in tha cloud 
feadfcacis. Kew methods of outicating sensitivity and of 
tooting climate rtodalc oust bo pursued vigorously. Tho 
cost prcaiuing of three involve palcoclimfolcgy. Paleo- 
clinafcalogy, palsoecology, and palecchesistry are tha 
backdrops against which human codifications cuct bo 
scaled. 

The accurate reconstruction of past climates has taken 
on a now urgency with the recent dicco7ery in ice cores 
of lev atmospheric CO 2 concentrations during tho last 
glacial maximum, raising tha possibility that information 
on sensitivity to COj can bo extracted from such 
reconstructions. The ice cars work itself cus\- be given 
tho highest priority. Research aimed at improving the 
paleoclimatic record over tha ties interval for which 
CO 2 information ia available is also of central 
iepertanoo. Of particular concern aro lea ago climates 
in tho tropics (both over land and over oceans) and in 
tho Southern Eaniephero. For example, there in substan- 
tia) disagreement between the Clim&to/Long-range Inves- 
tigation, Keeping and Prediction (Cbl HAP) reconstruction 
and current climate codsls in the tropics. On tha other 
hand, codeia suggest that it is in tha Southern noKisphsra 
that tha CO 2 signal in tho palcoclicatic record la coat 
easily isolated. Palecclinatology thus continrea to 
provide valuable te3ts of our understanding of cliaato. 


Adequate support for a well-rounded program on a variety 
of tire scales iff highly daoirablo. 


3.3 Observational Systena 

By ita very nature, climate research io global and 
requires adequate global observing systems. It is 
multidisciplinary end requires cemnitment of resources 
over long periods of tics. The problems of global 
obcerving systems, climate monitoring, end data analysis 
are not glamorous, but are the foundations for improve- 
ments in clinato research. 

Data required for research are often provided as a 
by-product of operational cervices and by dedicated 
recoarch-oriented programs. Thun nORA'n enaraticnil 
program, while primarily justified tor routino woathar 
prediction, form an indispensable hana for climate 
research. 

Development of satellite-based obsarvir.g systems and 
prototype data systems by NASA and UD.1A has contributed 
greatly to climate research. Continuing and stable 
commitment of resources to research satellite systems; 
satellite data analysis together with associated 
diagnostic efforts; enhanced computer resources, 
particularly at the national Meteorological Center (UKC) ; 
and data management facilities will bo essential in the 
future for the orderly development of the climate 
research program. 

with respect to specific observation end data needs, 
the following goals are offered for consideration; 

(a) lomogenoity and continuity in climatically 
significant data sets. 

• Maintain, at all costs, current operational 
satellite capabilities, including geostationary and 
pclar-orbf ting satellites. In view of the importance of 
wind stress both for mechanical forcing and co a major 
influence on trace substance transfer at the ocean 
surface, measurement of surface wind stress froa future 
operational satellite cystaaa is of major concern. 

• Develop a regular ocean observation system and 
improvements in the existing global sea level network 
particularly to meet the needs of the TOGA program. The 
Integrated Global Ocean Services System fXGOSS), while 
valuable, does not ensuro a regular flow of observations. 


I 


„J. , -i jyf *r-v *i * * ; , 




• Icplceent future research satellite Hicoiono that 
will noacuco ocean topography, otfjosphoric tree** gusaa, 
and land surface processes ieportant for cl lea to and 
precipitation. 

• nrtund atmospheric trees species monitor irvj by 
both direct sampling and oatolllto rccote sensing 
techniques. 

(b) Institutional orrangenanto to r date nanagerent to 
ensure continuing icprcvccantu in date availability, 
access, and coat. 

• Insist that data iRpllcsticna be considered in 
the planning process Cor each major ronaarch initiative. 
This ia ssttitisss done (as for FCS3, G33, TCGh, etc.), 
but it cust be a necesoity in the planning of future 
programs. 

• Facilitate access to recent (near real tlco) data 
streams for seas research concerns (as for selected 
aspects of VCGh) . 

• undertake selected data rescue efforts. 

• lie In tain a relatively email but continuing effort 
in data referral. This includes the used for cucsarised 
information in addition to extensive data listings. 

• Continue to pursue technological dsvelosaentB 
that ccn perait a reduction in the nurche&e and 
processing co.it a of large volume data cots that now 
impede their use for ieportant clicate research. 


, i u, - 
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C&IHATB IMPACTS 


The iisperative to undarotand the actual and potential 
inpacta of climatic variability end change has intensified 
in too yearn ninco the i"CP was established. The world 
has experienced another cl iJino and observed a continued 
African drought. Eviacnca has accumulated that esnkind 
oay bring about a long-tern global warning while major 
increases in volcsnisa could produce an opposito effect. 
Nuclear war could also produce a sevoro transient global 
cooling. Translating cur undorotending of clirafcic 
variation into responses by the environment end cccioty, 
and into sound plana end policies for living with clinnte 
variability and change remains a tang or challenge. 

At the sane tine, the dnvolojssant of the impacts 
aspects of tbs t:Ci> has boon gratifying. The ccnirunity of 
researchers conferred with the icpact of clinato variation 
on the environment and cccioty heu bson strengthened, 
domestically and internationally. A directory recently 
published by the Environmental and Societal Icpscto Group 
at the national Center for .Atmospheric Research (UCAR) 
listed cose 25 groups new active in the United f» rates. 1 
Kathodo of studying relationships of clicata to society 
have bean clarified end improved , 1 and aavcral useful 
pieces of work have been completed, ranging fron 
exuainatiens of drought icpocta to azsascnants of 


1 Environmental and Societal Icpaeta Group (1935) 
Institutional Director. tlotvorkshop on Clicate-itainted 
Inpacta. tntior.nl Center for Atmospheric Research, 
Boulder. 

*Katso, R.H., J.H. Aunubel, and ft. Berborian (1935) 
Climate Impact Assessment. SCORE 27, Uiley, Chichestor. 
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conaoqumcsa off a hirrcn-inducod greer-bouso warning. 

Sheas cfcudieu have boon carried out by both tha nccdeaic 
research c craa unlty end rosearchorn in government agencies. 

A second generation off clinato iepoot otudlea io now 
under wry, bared on clearer prcblcn definitions end better 
appreciation off appro priato techniques end available 
data, Among these night bo ccntioaad tha ZZASA/DmS? 
studios on clients change end cold end Gtsi-arid agri- 
cultural margins, • studios cn Uio envircnmantal con- 
sequences off nuclocr winter ,* end the Client-.* Ia-pacto, 
Perception, end Adjustment Experiment {CUujTAS) , diccuecod 
bolcw. Whila the VCP baa not boon central to tha conduct 
off thsso offer to, tha existence off the progress has bol- 
stered greatly tho ability of tho 0.0. community to focus 
end work togathar. 2ia existence off tha program has 
helped facilitate accsaa to useful data, for csrecple, at 
tha Clinato AnolyniB Center end the national Cliunfcia 
Data Center (HCBC) . 

Ohm tha UC? began, tha principal support for irpseta 
work was casing fren tha DO?., in ecnnectiea with the 
identification off areas off cooiceceacnic inject ffroa a 
potential CO 2“ induced climatic change. tho DOJ cupjort 
ffer irpact studies diminished, end their cupper t vsa 
concentrated instead cn questions off physiological 
icysstn off CO, increase cn plants. In tho lent year or 
no, tho Dd again has begun to support climata injects 
work, largely within tho DOE national laboratories, 
tioarwhilo, the ITS? has esarged as tho principal ncurea off 
support ffer independent workers in tho injects area. 
Agencies, off ccurce, hevo continued to porter a isrpacto 
work in support off their epaciffio missions. I*or example, 
tho UCEA end D2AA hava dcvalc-jrd diagnostic bulletins cn 
climate and cgricultura. EhA has performed several 
acconcsronts pertinent to environmental quality. 

Durin , tho next five years, & number of impact areas 
can be Identified easily ns logical extensions off current 
work. Cfcvieusly, tha program cost be open to fresh 
ideas, opportunities, and naeds that cannot bo 
anticipated at present. Also, different areas cay 


‘Parry, H.L., ed. (1SG5) Climatic Chango 7. (Special 
locue on Climate Injects.) 

* Harwell, H.H. (1034) Hucloar Winter: Tho Hunan and 
Environs ntal Consequences off Kuelear War. Haw Serb: 
fipr inger-Vorleg . 
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require very different: levels of ccmreitryantB of rerourco 
and effort by the UC?. Thee* arena include tbe following j 

• Eutreaaa. There is n need for greater attention 
to the study of extremes of clinate variability end 
excursions that Bight cause a change in tha central 
tendency of clicito. This night occur an a result of 
increoaoa in the atmospheric concentration of greenhouse 
gases. Almost all attempts to study impacts of greenhouse 
gases have focused on changes in average o' last* charac- 
teristics. Nevertheless, nony scientists boliovo that 
society perceives, responds to, and is affected primeily 
by extrema events. Close interaction between natural 
scientists end workers in impacts areas will be required 
in this regard.* 

• Climate and Wator. Khilo cccmninitios explicitly 
concerned with climate in relation to agriculture and 
energy and acne other sectors have a merged over tno first 
phase of tha ECP, a siailar group has not developed to a 
great extent in the water arcs. This is probably because 
sany climate-water problems have been colvod or it is 
perceived that they have been solved, Devos tboleso, 
tboro say bo severe! ureas where important incurs remain. 
Among potential problem areas ero tba relation of climate 
variability to water quality, optimisation of water uoo 
efficiency undar various climatic conditions, and the 
lapse t of a potential long-tern climatic chango (beyond 
design values) on water supply systems, fa, noted in 
Section 2.6 above, the IXSO should oxplore the usefulness 
of an enhanced program related to climate and water with 
the CCG3, the Bureau of Declamation, the Rruy Ccrpu of 
Engineers, tha Soil Conservation Service, other government 
units, and professional groups concerned with water. A 
workshop would be a auitoole way to identify needs and 
futuro activities. 

• Drought, with Special Drphtsio on Africa. unilo 
drought is likely to continue in Africa for some time, it 
remains unclear what major contributions might be made in 
tbia regard by the impacts program. The climate research 
prey tea can help expand what we know abcut African climate 
and whether human activities havo contributed to tha 
apparently changing behavior of tho climate. Program 


•Wigley, T.M.L. (19B5) Impact of extreme events, 
nature 315sl06-107. 
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options tana a from research on tropical droughts (as in 
Brasil and India, Cor example) to comparative studies oC 
drought rcoponaa emcnq areas. Agricultural development 
progress supported by U.S. AID and other international 
sponsors can b« improved groatly by the inclusion o£ 
climatological information in thoir planning. Agro- 
neteorologinta can aooiat in tailoring agronomic systems 
to local conditions oo as to alninlao clicato stresses 
and cake bast use of available sunshine end precipitation. 
Specifically, crop scheduling to avoid premature gerainc- 
tion of cseda, use of windbreaks, intercropping, relay 
cropping, irrigation scheduling, and other teebniquen 
depend on the proper use of climatic and meteorological 
infornaticn. 

Barge amounts of funds and numbers of researchers, 
advisors, end consultants aro engaged in applicaticno of 
clicato inforcation, such as those listed above, and in 
developing neu applications. This research, technology 
transfer, and uco of tlio results of climato impact 
ascaocmsnts should continue. 

The interdisciplinary requirement is especially 
important end undarlioo all successful clicato impact 
assessments, in the case o'. African drought studies, for 
instance, tho participation of physical gsographora end 
agricultural scientists is needed to describe expected 
changes in land use and ecological syctcao for use as 
assumptions in a inula t ions of future African drought. 

Then, should simulations produce meaningful recultn froa 
a societal point of view, exports free the social and 
behavioral sciences should be involved to help interpret 
their significance. As regional agro- ecological systems 
begin to be understood and capped, this information 
should be dicseainatcd widely and problems identified for 
follow-up action ox further research. 

• Carbon Dioxide and Othor Trace Gases. Steadily 
increasing atmospheric concentrations of COg and other 
radiatively active trace gases are expected to produce 
significant changos in global climate. Many important 
decisions in water resource development and utilisation, 
largo-scalo engineering projects, energy planning, and so 
on aro being made on tho assumption that the climate of 
the future will be the same as that of tho recent pant. 
Moreover, changes in thn greenhouse gases arise from a 
complex of human activities— population growth,, indus- 
trialization, energy production, end land-use changes— 
that aro in turn linked with othor environmental problems 
such as acid deposition. Recoarch in thus req tired not 



/ 

/ - - 


I 


/ 


/ y 



• . , ' > , , 


( - 1 <s ; '' -• ■”> -"T r*' ‘ v 


-r; I -** — >?f7V— „* '■■ 

? , ’ - \ 


only on the icceat of long-torn cliiiatlo chango but nluo 
In the analysis of policy and ocanoisio options to deal 
vitb thin intorlinUad natvork of issues. Cucii studios 
should be carried out through active collaboration 
batwoan scientists and policy cabers end any require the 
dovolocaant of innovative cathodology. 


4.1 Areas for specific Initiatives 

Of the following csven opportunities for impacts project 
initiatives, the top throe represent a priority group. 
The additional four are reccsncndca as resources parc.lt 
or ns needs arise for informational analysis relating to 
specific problems. 


4.1.1 Devolopnont of a Hew Climatic Atlas 

A new clinatic ntlas designed to elucidate in a systematic 
way the interaction of climate, environment, erd society 
can both advance the state-of-the-art and ccrvo cany 
consornsd groups and individuals. Published end available 
in both hard espy and digital formats, it would contain 
naps and charts of, foe ©sample, the following i 

• productive potential of agricultural regicna as a 
function of dice to * 

• variability of crop production attributable to 
climate* 

• diffusion of crop varieties relative to climate* 

• water supply in various i egiona given a changed 
climatic regina* 

• nigraticn of people voroi % clinatic sougo j 

• coirs of climatic adjustment in different regions* 

• frequency and distribution of climatic hasardo* 

• sustained climatic anomalies* and 

• distribution of population and property at land 
elevations that would bo effected by sea level rise, 
increased stars surge, and coastal erosion. 

A U.2. climate a clan should be considered an a 
contribution to the ihsrld Climate impacts Program and 
sight servo as an example to bo emulated by other 
countries, while cone products night begin to appear 
quite soon, the long-tara ar.d continuing nature of this 
venture rhould be emphasised. Ono strategy that would 
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increase tha quality and amplify tho utility of tho atlaa 
would bo to link certain aepssto of it to data obtained 
Croa tha 1530 Population Census tc bo performed by tho 
bureau of tho Census of tha Dapartrant of CenrMtea. 

In view of tho nany potential practical end intel- 
lectual benefits frea tha endeavor to design and product! 
tha atlaa, high priority should bo given to thia tank. A 
leadership tola by tha t:c?0 ic integral to tha euocoaa of 
the project. 


4.1.2 Utility of Prediction 

It id llkoly that within five years or so, clients fore- 
casts will have sufficient skill to be of intercut to a 
considerably larger noabor of users beyond tho resssreh 
ccsmunity (see Chanter 3) . Among tJ*o several otyloa of 
prediction now balr.g explored; it io reasonable to expect 
that cceia night heva greater application potential to a 
full range of uaora froa govornaant and private organiza- 
ticna to individuald, both in tha United State a and 
abroad. During tho past seven years, little attention 
has boon given to queationa of tha value and policy 
implications of tha availability and use of long-range 
forecasting. Khilo a fow resaarcharo have pursued 
questions in this aron, it now oppaarn timely to support 
<a broader effort, linked to tha charging capabilities for 
climate forecasting. 

Tho KCT-0 in moving in this direction, with tho 
scheduling of a ceainar in tSarch 1SDG on political and 
occacaic aspects of inprovod climate forecasting. This 
syrpoaiun vill ba used to identify policy icauaa that nay 
require further study by agencies in tho UCP. The next 
few yearn, while climate forecasting in in itn early 
etagou, are the tin a for rcooarch on the utility end 
value of climate prediction. At thia otago, feedback 
between rasaarcharo examining tha physical oysten and 
those concerned with social and behavioral sspscfcn can be 
especially fruitful. 

Agencies supporting research on leng-rango forecasting, 
especially Fiona end ksf, should support and help catalyse 
sound proposals in this uren. 
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4.X. 3 Empirical Studios cf Carparativo impacts of 
Actually experienced Clip’s tic Variations 

Several ostkoda have bean identified for accessing aao- 
torel impacts of olisato. Tho opportunity ncr* cniotn to 
apply tkaco catfccda, ccpccially as the hiatorio climatia 
data bars ia growing and is core easily accessed and 
utilised, t&ilo tharo are several operational efforts to 
iosuo timaly estimates of coots of climatic variations, 
little work in dons that carefully goja back ovor vell- 
docuacntod opicoags and acaccaoo impacts in a way that is 
consistent with measurement of impacts of other episodes. 

One opportunity to achieve results along thesa linos 
is the Climate Impacts, ftdjustcant, and Perception Experi- 
ment (CLXlgfcl ) , which will evaluate tho offccts of 
precisely defined, uuotained (10-20 year) excursions frou 
clinatic neons on water supplies, energy dec and, agricul- 
tural yiolds, end so forth for selected regions in the 
United States. Euch efforts to echiovo a such more 
rclicblo cat of comparable analyses should be encouraged. 
Efforts like CLUSiiS provide good opportunities for 
contributions to the tXP by a range of agencies and for 
partnership among the federal agencies, state groups, and 
researcher o in universities. 


4.1.4 Oisseaination of KstbcdJ 

Progress has bean undo, as noted above, in a number of 
areas of inpact aecessncnt. This progress is likoXy to 
diffuse rapidly in tho ccadcnic research ccms.uoity. 
normal processes nay not work as rapidly in federal and 
state agencies that cake operational eocasar-ants and 
among individuals whoso focus is net on climate but on 
tho climate-related activity. It nay be po"oibla for tho 
KCPO to take advantage of such activities c,, meatingn o£ 
state climatologists, professional cocictics, and 
regional groups to organise sessions on recent pregross 
in climate impact cosaacnrnt. 


4.1.S Coordination and Verification of Model.* 

Models connecting climate variations with crops, fich 
stocks, forestry, and a variety of other sectors hava 
bean or can bo developed, ft dcoir&blo goal is to have 
available tested models, which might ba employed in givon 
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situations end which ace widely conceded to bo tno EK>3t 
suitable for the given quostion. so reach ouch a situa- 
tion, it la necessary foe a critical dialogue to develop 
around clirata inpaefc nodalo. Tha KCPQ should take the 
l oad in engaging concerned fedarnl agencies in euch a 
dialogue. for example, a workshop on interconpjrison and 
applications of crop-climate codeia or f iEhocies-climato 
models night be uoaful. 

A good example of tho typo of modeling to bo achieved 
is in tho area of fisheries. Chile it ia wall known that 
climate variability affects tho abundance of fish a toe ah, 
the intensity of driving forces, which also are variable, 
is not known. Tho atsospharc and tho ocean generate 
variability in ocean temperature, in notion, and in the 
distribution of irradlanco. The variability in these 
physical variables generator In turn variability in the 
production of phytoplankton and the organises that depend 
in various ways on phytoplankton, zooplankton, fish and 
oceanic nincrain, and soa birds. Thus, the problem is 
not only one of fish variability but also of biological 
oceanography — how tho ocean-atcosphere coupling affects 
li ing plants and aninala of tho sea and how fish 
production relates to tho general biological productivity. 

Respite its importance, there are feu dynamic models 
of the eyatea. In fact, it Qight bo said that the 
climato/ocoan/fiah resource syatca is among tho cost 
poorly understood components of the earth's natural 
resource system. This ia but ono example of climate 
resource interactions for which realistic models are 
needed. Rut, modeling is a dynamic activity, and models 
change over ties. Tho KCP emphasis must ba on encouraging 
dovoloc:ont and ongoing critical dialogue and quality 
control within relevant nodal.' ng communities. 


4.1.6 £ /cial Costs of Adjustment 

While there are projects under way that will clarify and 
compare a range of first- and second-order impacts, tho 
largest single impact of climate nay ba tho human effort 
expended to adjust or adapt to seasonal changes and 
expected variability of climate. There have bean few 
systematic studies of the extent of such adjustments. In 
practice, low residual losses or damages nay ba a sign of 
relative insonsitivity to climate or, conversely, of very 
great sensitivity accompanied by effective, successful, 
albeit costly human adaptation. This topic nay provide a 


largely untapped research area cf great potential 
interest. 


4.1.7 Projecting Trtco Gas Emissions from Euman 
Activities 

The future evolution of climate will be greatly influenced 
by changes in the composition of trace gases in tho 
atmosphere. Projections are thus needed of what emissions 
will result from industrial and agricultural activity. 

The beat information available from oaparta in industrial 
processes and products, agricultural trends and develop- 
ment, geography, economics, and so forth should be 
employed in generating these projections. Such projec- 
tions are of importance to many agencies involved in the 
NCP, including t’.OAA, tIASA, DOE, EPA, 115 F, and U3DA. 

These agencies should carefully coordinate efforts to 
obtain sound and defensible forecasts of future emissions 
and not sirply employ projections that extrapolate 
casually from recent records. 


4.2 Institutional Issues 

The KCK) should play an important role in regard to 
climato impacts, primarily as a catalyst. Projects such 
as the preparation cf the new climatic atlas are of the 
type whore t.'CPO can play an important role. 

While considerable progress has been made in impacts 
research, this research area needs strengthening. In 
carrying out their mission, it is recommended that 
agencies such as DOE and EPA make investments in such a 
way that a lasting national capability is created. The 
distribution of expertise in academia, government 
agencies, nonprofit research institutes, and fer-profit 
consulting firms needs to bo kept in mind. Emphasis on 
achieving short-term results or reports is not likely to 
produce eithor a credible finding or a capability to do 
better in the future. 

Internationally, there havo been positive results from 
the World Climate Impacts Progran. Three of the principal 
projects supported — the Scientific Committeo on Problems 
of tiie Environment (SCOPE) project on impact assessment 
methods, the International Institute for Applied Systems 
Analysis (IIASA) project on climate impacts on cold and 
scmlarld agricultural margins, and the International 
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Meteorological Institute (IMI) project on CO^induccd 
clisato change, emphasizing effects on northarn 
ecosyatens— aro all bearing fruit. Gaza other projccto, 
for example, on dictate and food oyotena in I'axlco and 
India and ots identification of climate-sensitive sectors, 
have boon less successful. Khllo overall results of 
these projects have been good, the ncnagesier.t of tha 
progran has been ccsavhat Utah. A stronger Scientific 
Advisory Committee for tbs KCIP is highly desirable. 
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The need for climate data and information is expanding 
rapidly worldwide. User needs have increased in parallel 
with technological advances in computers, conaunications , 
and data storage media, hs a result, there has been 
increasing recognition of the value and utility of climate 
infornation throughout our society. Hunan activities 
have placed increasing demands on the environment, neces- 
sitating further monitoring and understanding of the 
earth's climate. Climate services ore the ultimate 
product of the BCP. They sustain tho application of 
current knowledge and information for government, 
industry, and individuals. 

The first years of the KCP (1970-1935) have produced 
modest achievements in the processing of data, information 
exchange, and the provision of climatic services to the 
public. Experiences gained have also brought a number of 
problems into clearer focus. i:ow it is time to deal with 
these problems. All climate services are intensely depen- 
dent on data end dissemination capabilities. Advances in 
technology have transformed the time scale and structure 
of climate services. In fact, the past decade has brought 
together two streams, one technological and one behav- 
ioral, to change climate services. The technological 
change has been the development of inexpensive computers 
and communication systems that greatly increase the 
capability to handle data needed for climate cervices. 

The full benefit of this change awaits advances in data 
storage, a limitation in the past that is being removed 
rapidly. The cultural change is that individuals charged 
with decision-making responsibilities are expecting, even 
demanding, to have accurate up-to-date information to use 
in decision making. At the same time, there is a con- 
tinuing need for the traditional long-term climate data 
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archival programs that should incorporate the optinua mix 
of amuccript, digital, and microform storage media. 

Thoco two changes occurring at tho o aaa ties provide a 
unique opportunity for climate services to cove forward. 


5.1 Heather and Climate — An loaue 

Historically, the words weather and clinate have referred 
to very different tiea scales. Heather is related to 
current atmospheric conditions. Clioato is described by 
statistics of the atmosphere for a tine period of several 
years to decades. These United views leave a question 
of what to call tho state of the atmorphare yesterday, 
last weak, last month, last season, and last year. How- 
ever, users of weather and clioato information have little 
concern for this type of definition. If the inforaation 
needed for yesterday, last week, or last month is not 
weather, it must bo climate or vico versa. The emerging 
desand for near-real-tias data in a period of hours, 
days, end weeks and information on a par with current 
technology brings into focus the point of view that 
weather and climate Cor a a continuum in time. 

The provision of timely and effective climate services 
depends, ultimately, on data resources available to the 
provider. In order to he valid, data cust undergo a 
process that begins with original observations cade 
according to accepted practice. The observations are 
collected, quality controlled, and stored for further 
use. Furthermore, those data must be cataloged, refer- 
enced, end cade accessible for convenient retrieval, or 
they have littlo value. 

At the federal level, the service function illative to 
meteorological weather and climate data resides in EOAA. 
The primary data sources include cooperative observers, 
surface synoptic stations, marina oynoptic observations , 
solar radiation observations, upper air stations, satel- 
lite observations, radar observations, water level 
observations from tide gages, hydrological networks, end 
polar measurements , 

The observation and collection of weather data is an 
1CCS function, while the quality assurance, storage, 
management, and retrieval of these came data used for 
climato activities resides in the Uational Environmental 
Satellite, Data, and Information Service (HE3DTS) at the 
national Climatic Data Center (IICBC) . Dover tholess, KCCC 
has no explicit role in managing the collection networks. 
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Changes in the operation end aaintenance of observing 
networks generally respond to l Td3 forecast and warning 
priorities with little regard for inpact on cllnate 
records, For example, observing eitaa arc generally 
located at airports or in urban aieao that ere not 
representative of the general arcs around the alto. 

Sites nay be noted or hours of operation ruy change 
causing cajor ionacto on tho data record. Furtharcore, 
cose new rezoto Qcnsing equipment— Gucb as the low Level 
Hind Shear' Alert systems being installed at airports 
around the country— does not allow for the recording of 
the aatccrological data collected. 

Tho CJ3 also provides c-eta cl.hsate services through 
tho Clients Analysis Center (CAC) , including tho 
following t 

• selective data validation/ 

• temporary storage {up to 3 years) of selected 
worldwide data, 

• tailored applications products, and 

• dial-up access to its data base. 

The Clieato Analysis Center's (CAC) cervleo role grew 
rapidly during the 1220s, and this trend is likely to 
continue. CAC'n Bission allows access to C.I'a cccpstor 
resources and full government funding, adequate to 
provide froo services to tho user community. Although 
CAC provides a valuable ncrvice, it does not have the 
Mission to collect, quality control, end archive official 
climatological data. Tais aissicit resides with the 
BCDC. This Meatless leads to data set differences, but 
it suot be recognized that CAC data sets are prallsinary. 
Research quality data sets ore the responsibility of 
t’CCC. no ra extensive quality control procedures completed 
at 1JCDC cay lead to differences in cordon data sate. 

Frca the point of vis:? of cost data users, there is no 
significant distinction between weather and climate. in 
practica, cany applications requiring ceteorological data 
require integration of coer-r cal- tine weatlisr data with 
past clioato data. It is critical that the canagecsnt of 
weather and climate data be streamlined within the 
federal governnsnt and that the gap in the availability 
of ncar-roa L-tina data ba filled. UOAA should review how 
tho administrative separation of weathar and cl lea to 
functions affect its ability to address problems of data 
oboorvatici?, collecting, archiving, and dionenination. 

It is tiuelf to eddrona this issue, chile t.’OAA begins an 
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ambitious program to codernize the EW3, the future design 
of a elicit a delivery system should be addressed also. 


5.2 Review of Activities (1978-1985) 

Since the ECP was inaugurated in 1978. a number of 
cctivitloo hsvo bean started and several important 
products and services provided. 

• Interim Climate Data Inventory. This inventory 
of historical climate data has been developed by KCAA's 
KE5DI0 and installed on an information retrieval system 
that can be accessed by telephone. The Inventory has 
bean published as the Korth America Climatic Data 
Catalogue (Part 1). which contained 770 descriptions of 
cliosts data files and related publications available in 
tha United States and Canada. 

• Cosputor-Baoed Climate Anomaly lionitcring System 
(CAlt?}. This system, developed by the national Weather 
Service's Climate Analysis Center, identifies and 
describes significant temperature and precipitation 
anccnlios from analysis of global data received nt the 
national Meteorological Center (l"iC) and provides a 
mechanism for monitoring and analyzing climate anomalies 
in real time. Output from the analysis is the basis for 
the weekly and monthly clisate bulletins that depict 
significant global climate anomalies and climate agri- 
cultural analyses by the Joint Agricultural Weather 
Facility (JAhT?). 

• Monthly Climate Diagnostics Bulletin . This 
summarises global pattorns and anomalies of atmospheric 
ice, snow cover, and several hoy climatic indices. Where 
necessary, descriptions of significant climate events are 
Included each month, as was the case for the 1932-1983 

El Hi no. 

• Improved Monitoring of Global Crop Conditions. 

The Joint Agricultural Heather Facility (JAI7F) , staffed 
by USDA/Kcrld Agricultural Cfutlook Board (l'A03) and 
K0AA/EU3/CRC euployeea, hau expanded significantly its 
ability to monitor and assess weather conditions in cajor 
agricultural regions of the world, its assessments of 
global weather and crop conditions, published in the 
Weekly leather and Crop Bulletin , are used by USDA 
agencies to make national and worldwide estimates of crop 
conditions. JAW? also provides monthly assessments of 
yields for major commodity crops around the world, which 
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are incorporated into USDA'n monthly ucrld crop production 
action ton. 

• National Environmental Data Reforral Darvico 
(UEDRES) . This served ae a clearinghouse for description 
and location of data bases and instructions on access. 

• Inprovenents in the National Climatic Data 
Center. The statutory nisoion of tlCDC iu to arebivo the 
official weather records of the united Statoa (frera which 
climatic statistics ero derived) and to process, sun- 
narise? and publish data sufficient to describe the 
clicato of the United fltatem, and to provide climato- 
logical data information cervices. The official clinatn 
<• ,t? at KCDC are used, ocong other things? to establish 
cliauto norss end uxtrecas for setting building codes or 
insurance standards. Knowledge of long-tern behavior of 
cl.usato is crucial in engineering construction? water 
allocation? and fuel distribution. 

• Regional Climate Centoro. Two regional centers 
have been established to demonstrate coordination of 
elicits studies end data nanegcirant, and initiate or 
strengthen delivery of clicata information and services 
throughout the regions they serve. The Northeast 
Regional Climate Center (Cornell University) provides 
real-tico weather end climate information to rears via 
cosputer lints and tcrninalo with telephone codeias, mo 
North Central Regional Clicato Center (Illinois State 
Water Survey) also collects real-time information on 
weather parameters and clinate-affcctcd conditions and is 
currently using state agcncios to test access methods. 


Daily data for the system are derived free cooperative 
weather observers at J5 locations around Illinois? free 
22 other KWS stations via Automation cf Field Operations 
and Service (AFOS) ? end from the Hidwast Agricultural 
Forecast Center? which digitizes and transnits weather 
| observations by telephone line to the client.- center in 

Ch&spaign, Illinois. The North Central Regional Center 
also has assisted the KW3 in developing a system for 
daily reporting of clicato data by coopsrativo observers. 

• Automated Network. Nebraska hco developed a 
statewide Automated Weather Data Network (AKEH) with 25 
weather stations that record hourly data (collected 
daily) on wind, temperature? rolativo humidity, solar 
radiation? precipitation? and soil temperatures. This 
network has been expanded to 46 stations in Nebraska and 
adjoining states for a regional drought monitoring and 
asGcsnnsnt prog ran. Public access to data from this 
network is available on a dial-up ays ton (MRCT). Koro 
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than 15*000 oscctoaao wero redo in 1904. Tho data frca 
hViD’.I* together with data collactod frca hi ; C3 and coopera- 
tive obcorvera, arc used by tho UabrasUa Agricultural 
Climate Situation Comnitteo. This group of cpcoialioto 
xtaoto weekly during tho growing oaaeon to ccnaidar recent 
and cuzulativo iepteto of weather on agricultural opara- 
tionu and subsequently roloacos advisories to the public. 


5.3 Priorities for tho Puturo 

Recent technological advancac arc providing new oppor- 
tunities throughout tho clients services cyntca. usw 
observing cyotccs—both in situ and rccsto ceasing— aro 
increasing tbs frequency cad coverage of cetcorologlcal 
and oceanographic observations. Otste-of-the-art 
capabilities in data processing end storage ere greatly 
reducing the tines needed for data enabzitation and 
quality control. Cost inportent* advances in cc»- 
sunications and remote access capabilities era creating 
now opportunities for timely delivery and utilisation of 
data end information. 

Uevcrthtlcra* to echo full use of those new ccpobil- 
itic3* an organised clinato corvicss eyatoa cast be cot 
in placo, suppsrtcd* end maintained. It ia especially 
crucial that tho gcvernsantal ccrponsntn of this uystoH 
bo structured in on officiant and straightforward usnnar 
and that their role a and rccpccaibilitioa ba wall dafined. 
There is en incrccaiag reccgniticn of urar needs for a 
ccntinuua of weather end c lira to information end set vices. 
KO.W should thus consider possible new institutional 
arraagenante to ieprovo the coo: dination of weather and 
clinate activities. 

The existence and effective operation of this basic 
structuro will bo essential to tae direct user of cl inn to 
data and inforcatioa, particularly to tha privato ccctor, 
which cay want to oeise tha cany now opportunities in 
clinata applications that are surfacing. 


5.3.1 tz:S isodornizatioa — Cate 


As a result of tha ltsj codornisatiavi pregreu* there will 
be en explosion of conventional (o.g., hutesatod Curfaco 
Observational Gy c ten (t£C3 ) ) end now (a.g.* ifent 
Generation t feather Radar (tnrXRAO) J data* which tiCDC will 
be required to process and manage for climatological 
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purposes. t-CDC's automated data processing capabilities 
already ere stretched bayoad itn ability to cost today’ a 
needs. Zt is essential that CCOC ba upgraded to ba 
capable of handling the increase (by orders of ergnituda) 
in data enpoctod in tho oarly 1920s. 

Proa a oll&ntolcgical viewpoint, consequences of this 
situation will result ulticatoly in dragging tradeoffs 
botwsan qunlity/tisalinoas end/or tho actual torni nation 
of oosa clinato cervices, Xt io OBsantial that necessary 
resources oro nado availrbla to ensure that cuch n 
situation io not cl] owed to occur. * 

liO.lA ohould ast quickly to modernise its capability to 
Manage the national cliu.it a data resources by providing 
sufficient support to do the following t 


• porforn research and development of new tcch- 
nolcgiao for collecting, validating, storing, retrieving, 
end communicating data. 

• develop clear standards for data collection, 
quality control, archiving, and diooenl nation. 

• cnauro the continuity of key clisato networks, 
including tho cooperative observers, surface synoptic 
stations (including marine) , and the solar radiation 
sites. 

• devolep adequate automated data processing and 
communication networks to coot user service requirtsentc. 

Other data canag scant issues requiring attention 
include the following: 


(a) Disccaination and use of clinato data. 


* Tinsly release of data collected at public expense 
after the use for its collection is cot. 

* easy access , by other users and researchers, to 
data used in preparing clients products and reports for 
public diccenination . 

(b) Data aanagecsnt to handle increased data loads. 

* Voluao of ocean and atnaspheric data collection 
(1050 to present) by B03A will double in tho neat five 

years, a.g., 

- new land-based observing systems will provide 
data rates and volumes comparable to satellite data rates 
and nay require compaction, selective uarpling, or 
sumarisatior., and 
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- nau space observing platforao will provide a 
wide cpactrua of data at vary high rates and volunaa of 
data that will requiro cpuclal data ranogctaant odjustsanto 
and should bo included in tha operational plana for new 
systems. 

(a) Technology. 

• How instrumentation requiros edaquato dccuEsn- 
tatlon, calibration, and feasible changes of quality 
control procedures. Data cunagenunt guidelines are 
noedad for autism tod woathsr observing system being 
installed by ototoa and the pcivcto rector . Industry 
standards should ba adopted whenever it io fosc-iblo. 

• Technology and flexibility of diossnination of 
clinata data and clinate products ahould advance with the 
sophistication required by users. 

• How technology in digital ester ago capability, 
ccrcunicaticns, and ccocutor precasoing requires continual 
evaluation and possible change in every area cf data 
B&nagaoent. 


5.3.2 Sslivory of Services 

The dlesenination and delivery of clients data and tha 
information gcr.aratad tharefron csy often ba Cal eyed 
and/or inadequate to corvo the Raida of mny unusa. Thin 
ranulta in part because tbaro rro tuny participants 
(federal, ntato, end private sector) involved, end in 
part because the federal role otill remind unolcrificd, 
which discourages other nonfcderal groups free icplc- 
nsnting delivery system. 

Ticelineao of data and information is a ay isauo, for 
tiuisly information has bacaao a hey ingredient in U.R. 
society and cccr.oa.lc wolfaro. 

Technological developments now allow revolutionary 
lov-ccat advances in data delivery, allowing ©ppertnnitiaa 
for rapid and ccst-atfcctivo ccsonatrationB of the value 
to tha nation of tha national Clinata Pregrnn. Ilswly 
oatabliched local and etate covputar-bacsd clinate 
data/1 nf orention system reveal an cncrcous potential for 
comparable development on regional scales. Ouch data 
bane cyotesa represent an offcctivo interface between 
government source 3 (verified data) and aark'Sting of 
veluo-aidod cervices by the private sector. 
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Tho concept of a nationwide sorvico system hen emerged 
from rtcc~:ndaciona of an iO\C panel and from on VcCI'O 
IJcrkebcp on Cooperative Climate Cervices. Tho present 
regional climate canters, supported by i:cpo, provide a 
concept and & pattern for initiating a national system. 
U3AA should consider implementing the plan developed by 
liCfO for a nationwide system of climate services. 
Specifically, tiOAA chould do the followings 

• provido oparational support to the existing 
centers. 

• continue its intergovernmental activity by 
establishing, with the states, new regional climate 
centers. 

• develop high-speed weather/clicate data trans- 
Bissicn systems to serve climate ucer needs, including 
transmission of data to state, regional, and national 
clinato canters. Theno systems should involve data from 
cooperative stations and/or special stations to help 
provido tho spatial density of data needed in nany 
cliaate-affccted businesses. 

• develop oyatena for delivering noar-real-tira 
clicate data and infornaticn to servo state or regional 
needs . 


5.3.3 Atlas 

As discuc&od in Section 4. 3.1, "a comprehensive new 
climatic atlas is now needed for tho united Staton. 


5.3.4 Utilization of tha ’rivato Sector 

In tho past seven yoars, uo have observed tho rapid 
growh of a new industry in tho private meteorological 
sector. Several firns have successfully entered tho data 
end information services market by providing value-addod 
weather and climate information to commercial and govern- 
ment clients vis a number of innovative communications 
technologies. The sources of tho data are primarily 
UKC'c family of services, the C AC near port, and tho 
Global Telecommunications System of the CKO. 

These firms offer broadcast or rogucst and reply 
delivery over tolephono ar.d satellite linso to customers 
having a variety of rccoiving mechanisms ranging from 
synthesised voico over tho phono to sophisticated 
microprocessor-based colorgrcpbics work stations. 
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Today, thousands of clients oro being provided with 
weather and olicata data over private service networks. 
The trend is for continued rapid growth assuming that the 
private nootor continues to have electronic access to the 
data ccurcoa in t:OA& at a fair narket price. KOAA should 
assure that any actions taken to codify and ieprovo the 
federal weather and clicato data and information program 
will not restrict tho ability of tho private sector to be 
a full participant. Specifically, the private sector 
should be 

• included in tho planning for future weather and 
climate services, 

• allowed unrestricted access to publicly collected 
weather and clicato data at a fair eseket prico, and 

■ allowed to cocpoto for services in both the 
commercial and the government marketplace. 
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APPENDIX A 

ACBm«*a At ip msssmnxazB 



APOfl 

AS03 

AKB3 

CAC 

ca ::3 

CAE3 

CLB!AP 

C LUC? AX 

con 

EilSO 

CPA 

cpoca 

ER23 

ECIG 

PGG3 

PIR2 

GAT*P 

Cdi 

I ecu 

ICCjG 

I I ASA 


1ECCP 

J/iU? 

JSC 

BA3& 

UCAR 

KCDC 

UCP 

KCPO 


Automation of ricld Operations and Servian 
Autcr.atGd Surface Observational Eye ten 
Aufccojtcd Keathor Data Network 
Clirate Analysis Cantor 
Climate Anomaly llonitoring Cyetca 
Climate Applications Eoferral System 
Clicato/Lcng-Ranga Investigation. flapping and 
Prediction 

Climate Intacta Perception end Adjustment 
Erpcriouit 
Department of Energy 
CX tJir.'o/Couthcrn Oscillation 
Envircnruntal Protection Agency 
Equatorial Pacific Ocean disrate Studios 
earth Radiation Budget Enperisant 
Environmental and Cocictal Impacts Croup 
First GASP Global Experiment 
First IECCP Research Iteparincnt 
Global Atmospheric Research Program 
General Circulation lisdel 
International Council of Scientific Unions 
Integrated Global Ocean Services Eye ten 
International Institute for Appliil Systems 
Analysis 

International I la tcor clerical Institute 

International Satellite Clcud Climatology Project 

Joint Agricultural Gsuther Facility 

Joint Scientific Coraittoe 

National Aorsnautlcn and Space A&ainiotraticn 

National Center for Atsc3pboric research 

national Climatic Data Center 

Rational Climate Prograa 

National Climate Program Office 
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WCPPB National Climate Progran Policy Board 
NEDRES National Environmental Data Referral service 
HECDIC National Environmental satellite, Data, and 
Information Service 

NEXRAD Hast Generation leather Radar 

KMC National Meteorological Centor 

XOAA National Oceanic and Atmospheric Administration 
NEC National Rocearch Council 

NRQ3S Navy Remote Ocean Sensing System 

NS? National Science Foundation 

NWS National Weather Service 

SCOPE Scientific Committee on Problems of the 
Environment 

TOGA Tropical Ocean and Global Atmosphere Program 

TOPEX Ocean Topography Experiment 

UNEP United Nations Environment Progran 

USDA U.S. Department of Agriculture 

USGS U.S. Geological Survey 

WAOB World Agricultural Outlook Board 

WC&P World Climate Applications Progran 

WCDP World Climate Data Program 

WCIP world Climate Impacts Program 

KCP World Climate Program 

KCR? World Climate Reaearni Program 

WHO World Meteorological Organization 

WOCE World Ocean Circulation Experiment 
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